Incidence trends in pediatric central nervous system tumors in Canada: a 15 years report from Cancer and Young People in Canada (CYP-C) registry
cancers diagnosed below the age of 15 years in Canada were CNS tumors. 2 Furthermore, CNS tumors represent the most common cause of cancer death in pediatric and significantly high rate of morbidity in survivors. 3, 4 Epidemiological studies are essential to assist clinicians in providing accurate and up-to-date information to patients and families affected by this prevalent condition. However, we observe important variations between epidemiological studies. These differences are related to diverse factors that have an impact on the incidence and prognosis of CNS tumors, such as age of the patient, type of tumor, treatment modalities, and time frame studied. In addition, national registries do not collect the same level of details in terms of diagnosis and treatment. Many of them do not include data on benign tumors, such as low-grade gliomas (LGGs), rending comparison between populations difficult from an epidemiological point of view.
Central Brain Tumor Registry of the United States (CBTRUS) has been used as a reference for clinician but it is not known if there is a difference between these two populations. Indeed, in their last 2011-2015 report, CNS tumors were becoming the most common cancer site, now before leukemia group, in the patient's age 0-14 years, with an average annual age-adjusted incidence rate (AAAIR) of 5.65 per 100 000 population. 4 In terms of the geographical distribution of CNS tumors, the Canadian Brain Tumour Registry report on malignant brain tumors from 2009 to 2013 and objective that the highest age-adjusted rates estimated were among residents of Quebec and Ontario. 5 However, only2 years of data were available for the province of Quebec. A subsequent report had been published for the period 2010-2015 reflecting provincial incidence in four provinces (BC, AB, MB, ON) that demonstrated clearly the difference in the incidence of major tumor histologies between adults and children. 6 Meningioma was the most frequent histology tumor in women and glioblastoma in men in adulthood as oppose to neuroepithelial tumors in childhood.
As we are aware, no recent epidemiology study with a focus on pediatric CNS tumors was conducted in Canada, with full data on malignant as well as benign tumors in all provinces for more than a decade. Consequently, we used the CYP-C national pediatric cancer population-based database in order to describe the characteristics of the patients, tumors type, incidence of CNS tumors by age group, and geographical distribution along the country. The aim of this study is to provide descriptive statistics on the IRs and trends for the common histologic subtypes of primary CNS tumors among the Canadian pediatric population during a 15 years period.
Methods

Patient Population
Patient's data were collected by the CYP-C surveillance system that includes every patient less than 15 years of age with a tumor seen in 1 of the 17 pediatric oncology centres in Canada. We analyzed all pediatric patients who received a diagnosis of primary CNS tumors in Canada between 2001 and 2015. This includes malignant as well as benign tumors of the brain or spine. The variables analyzed are as follows: year of diagnosis, age at diagnosis, gender, ethnicity, postal code, type of tumor, the staging of the disease, and treatment modalities including surgery, chemotherapy, and radiotherapy. Patients who were Canadian residents since less than a month prior to diagnosis were excluded, as well as those who received a diagnosis before January 1, 2001 or after December 31, 2015. Some other exclusions and limitations to the database are described in CYP-C: A Report from the Enhanced Childhood Cancer Surveillance System. 2 We had received approval from the Ethics Board Committee as well as CYP-C Management Committee.
CNS Tumor Definition and Classification
Tumors are detailed as per the International Classification of Childhood Cancer, 3rd Edition (ICCC-3). 7 During the period 2001-2015, CYP-C registry used CNS grade as per description in WHO 2000 Classification of Tumours of Central Nervous System 8 and the version later updated in 2007. 9 In order to assess the incidence, different subgroups were created according to the tumor, the diagnosis period, and the age at diagnosis. Tumors were classified into 7 subgroups: LGG, high-grade glioma (HGG), embryonal tumors (including medulloblastoma, Primitive Neuroectodermal Tumors [PNET] and Atypical Teratoid Rhabdoid Tumors [ATRT]), ependymoma, craniopharyngioma, germ cell tumor, and others. We did include 9421/3 (pilocytic astrocytoma) and 9400/3 (astrocytoma NOS low grade) in the group of LGG as they correspond to indolent glial tumors and behave as low grade in term of survival.
Importance of the Study
Cancer in Young People in Canada (CYP-C) is a national pediatric cancer population-based registry that had been created to promote surveillance in oncology in the young population of Canada. Our study focuses on pediatric central nervous system tumors from this registry that include full data on malignant as well as benign tumors in all provinces over 2001-2015.
Incidence rate, subtypes of tumor histology, geographical distribution in the country, and clinical outcomes are all important data to better understand the epidemiology of such disease and to promote research, development of novel therapies, and preventing care. Also, these oncology surveillances allow us to compare with other similar populations.
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Morphology ICD-O-3 codes included in each major histology subgroups used for this present analysis are described in the table in the Supplementary Material.
Statistical and Geographical Analysis
Three diagnosis periods were determined within the 15 years period analyzed: 2001-2005, 2006-2010, and 2011-2015. Estimates for the child population between the ages of 0 to 14 years in Canada, the provinces and territories and health regions are based on data from the 5-year censuses conducted between 2001 and 2016. For this study, we used the intercensal estimates developed by Statistics Canada for the years between each census. 10 Patients were separated in three age groups based on the age of their initial diagnosis: 0-4 years, 5-9 years, and 10-14 years. For each year, for a given population defined by sex, age, and health region or province, the age-adjusted IR with 95% confidence limits was estimated using Poisson or negative binomial models in case of overdispersion. The results of these analyses were joined to the mapping file. All statistical analyses were performed using SAS 9.4 software while geo-referencing and mapping were performed using ArcGIS Pro 2.0.1 software.
The residence of each patient was estimated using the postal code of the residence at the time of diagnosis in the database. The postcodes have been geocoded using ESRI's ArcGIS World Geocoding Service. Assignment to a province or a health region was determined by spatial joining between the geographical coordinates of the estimated place of residence and the geospatial files that mapped the limits of these provincial and regional boundaries. Geographical areas counting 10 patients and less in Canadian provinces or in Quebec Health regions had been combined together respectively for statistical analysis. This is important to respect the privacy of personal health information when small numbers of patients are described in the CYP-C registry.
Results
Characteristics of the Patients
Overall, 3306 Canadian patients had been followed in 1 of the 17 pediatric oncology centres in the country for a pediatric CNS tumor diagnosed between 2001 and 2015. Tumors in the CNS are more prevalent amongst males with 1.23:1 male to female ratio, males representing 55% of the cohort (n = 1823). The population was mainly Caucasian (n = 1992). Asian ethnicity represents only 7.9% of the patients (n = 260) in our whole cohort. We observe that the Asian ethnicity was significantly in higher proportion (20.7%, 23/111) in the malignant germ cell tumors than the Asian ethnicity proportion (8.0%, 237/2964) in all other tumors (P < .001). Ethnicity was unknown in 7.0% of cases of our cohort (231/3306).
The most represented age group was 0-4 years (38.7%), followed by the 5-9 years (32.7%) and the 10-14 years (28.6%). Their respective IRs were 4.65, 3.79, and 3.11 per 100 000 person-years (P <.0001). The overall incidence of CNS tumors was stable over the 15 years of observation with an average of 220 new cases per year with an average incidence of 3.80 (95% CI 3.65-3.97) per 100 000 person-years.
Characteristics of the Tumors
The predominant tumor location is found to be the supratentorial area in 65% of our cohort (n = 2158). Infratentorial region is involved in 26% of patients (n = 858), three-quarter of them having less than 10 years of age at diagnosis. Only 101 patients, representing 3% of the entire cohort, had a spine as a primary tumor, half of them are in the older group of 10-14 years. Tumor location was not specified in 6% of the patients (n = 189).
Overall, 55% of our patients had a malignant tumor (n = 1810). Tumors were localized at the time of diagnosis in 88% of the cohort (n = 2910). Therefore, we observed the incidence of 1.7% of metastasis in the benign tumor group (n = 24) versus 14.0% in malignant tumor group (n = 242). From 266 patients presented with metastasis disease at presentation, almost half of them were from medulloblastoma tumors (n = 121). In the registry, 132 cases had an unknown staging disease.
The IR for malignant tumors and benign tumors is 2.05 and 1.75 per 100 000 person-years, respectively ( Figure 1 ). Between 2001 and 2015, we observed a not significant trend for decreasing IR for benign tumors (IR 1.81 in 2001 to 1.53 in 2015, P = .21) and a not significant increase of IR for malignant tumors during the same period (IR 1.85 in 2001 to 1.96 in 2015, P = .73).
The three most frequent groups of tumors were LGGs (36.4%), HGGs (22.3%), and embryonal tumors (18.7%) with IRs of 1.41, 0.86, and 0.72 per 100 000 person-years, respectively. Figure 2 represents the most common CNS tumors in the Canadian pediatric population during the era 2001-2015.
Malignant tumors had a higher IR in the youngest group of patients, IR 2.85 for patients less than 5 years old in comparison with 1.49 for the older group 10-14 years old (P < .0001). Mean age at diagnosis differed according to a group of tumors ranging from 1.39 years for children with ATRT to 9.73 years for those with malignant germ cell tumors. Tumor's repartition by age group is given in Table 1 . Germ cell tumors and craniopharyngioma seem to become more prevalent with age. The opposite tendency is suggested by the prevalence observed for embryonal tumors and ependymoma decreasing with age.
Characteristics of the Treatments
Surgical management of tumors was similarly used for benign tumors and malignancies. Approximately a quarter of patients having a complete resection of their tumor upfront. Repeated surgery is performed in two-third of the patients. By opposition, radiotherapy and chemotherapy were preferred for the therapy of patients with malignant tumors, represented 85% and 83%, respectively. Radiation therapy is significantly less employed in the youngest patients, 29% instead of 46% and 42% for the 0-4 years, 5-9 years, and 10-14 years, respectively (P < .0001). The opposite is seen for chemotherapy with 23%, 18%, and 14%, respectively, by age group (P < .0001). Only 420 (12.7%) patients are registered on a clinical trial, among them, 81% were patients with malignant tumors, mainly HGGs and medulloblastoma. Participating patients were mainly residents from Ontario and Quebec. On trial, treatment modalities included radiation and/or chemotherapy in 66% and 37% of patients registered, respectively.
Geographic Distribution in Canada
One of the main goals of our study was to evaluate IRs by a Canadian province and more precisely within Quebec and its health regions. Our cohort was mainly composed of patients from Ontario (43.5%), Quebec (21.7%), British Columbia (11.9%), and Alberta (9.3%). The other provinces and territories were also represented, but composed only 13.6% of our population.
When benign tumors are concerned, the most frequent IRs are seen in New Brunswick (1.98), Newfoundland and Labrador (1.94), Ontario (1.84), and Quebec (1.82). Malignant tumors had IR slightly greater than 2.00 per 100 000 person-years for 2 of our provinces: Ontario (2.38) and Nova Scotia (2.02). However, when respective results are analyzed considering average AAAIR, regardless of specific tumor type, provinces that presented the most important IR of CNS pediatric tumors were Ontario (4.26), Newfoundland and Labrador (3.95), British Columbia (3.78), and Quebec (3.76). Table 2 summarizes the ageadjusted IRs of pediatric CNS tumors by regions in Canada. Figure 3 shows the geographic distribution of the estimated IR for the Canadian provinces and Quebec regions.
Geographic Distribution in Quebec
AAAIR was also calculated for every Quebec Health Region in order to assess regional variability (Figure 4) . Between 2001 and 2015, 717 patients were diagnosed with a CNS 
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tumor in our province, so the AAAIR was 3.76 per 100 000 person-years. Five regions presented higher AAIR: Chaudière-Appalaches (5.95), Mauricie and Centre-Du-Québec (4.22), Capitale-Nationale (4.18), and Outaouais (4.10), but only the incidence in the Chaudière-Appalaches region is statistically higher than the IR in the province of Quebec.
Discussion
This retrospective cohort study described the incidence of primary CNS tumors among the Canadian pediatric population during the period 2001-2015. Within our Canadian cohort, a predominance of male relative to female (1.23:1)
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Histology spectrum of pediatric CNS tumors in Canada. can be observed, as described in the literature with a male to female ratio of 1.29:1. 11 We observe that the difference was more pronounced in the group of embryonal tumors (sex ratio: 1.6) and less in LGGs or HGGs (sex ratio: 1.1). Ethnicity data were missing in a quarter of our population, limiting the analysis. However, we did find a significant increase in the proportion of Asian ethnicity patients into the malignant germ cell tumors group compared to other groups of tumors. This finding had been reported also from 554 intracranial germ cell tumors in patients less than 30 years old living in the United States over the period 1992-2010 in the SEER registry. 12 IRs for the whole group of CNS tumors were stable in Canada from 2001 to 2015, despite improvement in the diagnosis through time with the accessibility of MRI. In comparison, the CBTRUS database from 2000 to 2010 revealed a significant increase in the incidence of malignant CNS tumors, but no significant modification in the incidence of benign CNS tumors within the pediatric population. 13 In our study, we did see a trend for increasing IR for malignant tumors and decreasing IR for benign tumors but that was not statistically significant. The variable having the greatest impact on IRs is the age, with significantly higher IRs of CNS tumors from 0 to 4 years old and lower IR from 5 years to 15 years old. This evolution is similarly described in the European population with age-groups distribution comparable to ours: 37% of 0-4 years old, 35% of 5-9 years old, and 29% of 10-14 years old from 1978 to 1989. 14 The same pattern is presented in the American epidemiological studies, but IRs tend to be higher than in our population with 6.11, 5.30, and 5.55 per 100 000 person-years, respectively, from 2011 to 2015 by each age group. 4 Our patients mainly present malignancies. In comparison, from 2011 to 2015, CBTRUS reported 67% of malignant CNS tumors (AAIR of 3.80 per 100 000) and 33% of benign tumors (1.85 per 100 000) from their 17 273 patients 0-14 years old. 4 This difference between both populations (10% more malignant tumors in the United States) could be significant, but is more likely to be attributed to a different tumor classification. We did place 9421/3 (pilocytic astrocytoma) and 9400/3 (astrocytoma NOS low grade) into a benign category, corresponding to 910 patients (27.5% of the cohort) because they behave favorably in survival. Until 2000, pilocytic astrocytoma was registered as a malignancy (code 3), then code changed to uncertain behavior (code 1) but still entered as code 3 in the registry to maintain consistency. Another limitation for the histologic group analysis is the code 9380 for HGG including optic pathway glioma as well that are usually LGG. This heterogeneous group represents 512 patients, 15.4% of our entire cohort, contributing to overestimated HGG cohort. With the recent WHO 2016 revision including biomarkers for more precision in the diagnosis of brain tumors, molecular data will be collected in the CYP-C registry version 2. 15 We observe as well that within our cohort, 9% of patients having metastasis at initial diagnosis was discovered in the benign tumor group. Some reports described dissemination from pediatric low grade and atypical choroid plexus papilloma [16] [17] [18] but the true incidence is still difficult to know even from registries. Accuracy of this issue could be underestimated as complete tumor staging with a spine MRI is not always done for this population.
In term of distribution of tumors by histology, CBTRUS reports that gliomas accounted for approximately 52% of tumors, and that the most common brain tumors in children less than 15 years of age are pilocytic astrocytoma, malignant glioma NOS, and embryonal tumors in 18%, 14%, and 13%, respectively. 4 This distribution is comparable to our Canadian pediatric cohort. Instead, in the age group of 15-19 years old report in CBTRUS, almost a third were diagnosed with pituitary and craniopharyngeal duct tumors and another third having gliomas. To better acknowledge all our Canadian pediatric patients, we adopt to include all of them up to 19 years of age now prospectively in the CYP-C database.
Pediatric CNS tumors are such a heterogeneous group of tumors and these explain diverse treatment modalities used. Radiation therapy is often postponed or even avoided in youngest patients because of potential side effects such as learning difficulties, vascular events, and second malignancies. Instead, chemotherapy modality is favored to treat malignant tumors as well as unresectable or recurrent benign tumors. Only 12.7% of our cohort was registered on a clinical trial. Overall, 27.5% of all the children having cancer from CYP-C database in Canada had been enrolled in a therapeutic trial during the similar period 2001-2012, up to 48.8% for acute lymphoblastic leukemia in contrast to only 10.3% for the CNS tumors group. 19 In this study, brain tumor had been identified as a risk factor for non-enrollment, astrocytoma had the lowest rate of enrollment, and the two most common reasons cited were non-trial availability and physician decision. Potential long distances for many pediatric patients living far from their cancer center can also be an issue, development of a clinical research system with satellite centers could support the participation in clinical trials. 20 We objective no significant difference in IR between malignant versus benign tumors over the country. The provinces with highest AAAIR were Ontario, New Foundland and Labrador, British Columbia, and Quebec. However, the rate instability resulting from the small number of cases in some provinces and territories requires caution in the interpretation of the analysis, so we combined areas where 10 cases and less were seen. Only the first three digits of the postal code for each patient were available in British Columbia limiting the analysis into this province.
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In the province of Quebec, the Health Region of Chaudiere-Appalaches is the only one showing a significantly higher AAAIR. We believe that this is an important finding that public health authorities should take into consideration. This region, bordered to the north by the St. Lawrence River and to the south by the border with the United States, is highly diversified in terms of land use density (inhabitants/hectare) and land use (agriculture, industrial, and residential). We postulate that there may be inequalities within this region in the geographical distribution of incidence of pediatric brain tumors. We consider that it would be interesting to investigate the existence of statistically significant spatial cluster at the local and sub-regional levels, allowing to identify areas where the number of cases per child at risk is higher than in the study area overall. [21] [22] [23] However, we need to be careful about the interpretation of this data. The analyses presented in this article are limited by the low number of events and the largest of each Health Region areas in the province. Further study to confirm the tendency of incidence in pediatric cancer, including all types of tumors, in the province of Quebec will be pursued. Hypothesis of a particular genetic Age-adjusted incidence rate and 95% confidence interval 
condition and/or environmental issues is always rising questions when the incidence of cancer is more seen in a specific geographical area.
Conclusion
This retrospective study reports descriptive statistics on the patients less than 15 years old with a diagnosis of CNS tumors in Canada during a 15 years period. This cohort is similar to what had been described in the United States and Europe in terms of patients and tumors characteristics. Our results show stable IR of pediatric CNS tumors during the period 2001-2015 in Canada. Geographical patterns in the country and in the province of Quebec suggest areas for further study to better understand the causes of these tumors and environmental risk factors.
